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INTRODUCTION
Reducing the dynamic load of individual parts of any mechanical system is achieved by optimal tuning, i.e., optimizing the system in terms of the magnitude of torsional oscillation.
The most preferred member for tuning any mechanical system in advance is a suitably adapted pneumatic tuner of torsional oscillation. In our department, among others, we have been engaged in the development and research of pneumatic tuners of torsional oscillation for a long time. In particular, we focus on the possibilities of applying the given tuners of torsional oscillating mechanical systems with the intention to optimize them in terms of minimizing or eliminating dangerous torsional vibrations.
The aim of this paper is to present the possibility of controlling the torsional oscillation of mechanical systems that are out of operation by applying a tangential pneumatic tuner of torsional oscillation.
BRIEF CHARACTERISTICS OF PNEUMATIC TUNERS OF TORSIONAL OSCILLATION

Tangential pneumatic tuner of torsional oscillation
Tangential pneumatic tuning of torsional oscillation ( Fig. 1a-b) consists of a driving (1) and a driven part (2) between which a compression space is located. The compression space is formed by circumferentially and tangentially spaced pneumatic-flexible elements (3). The pneumatic-flexible elements are characterized by a rubber cord single-bellow (Fig. 1a-b ) air spring filled with gaseous medium. In the case of the load torque transmission, two pneumatic-flexible elements are compressed and two are expanded simultaneously, thereby ensuring the design of a two-sided pneumatic tuner. By means of the valve (4), the compression space of the pneumatic tuner is filled with gaseous medium in the range p=100÷700 kPa. The design of the pneumatic tuner allows the individual pneumatic-flexible elements to be interconnected by means of replaceable throttling nozzles (5) and hoses (6) . To illustrate and present the basic characteristics of pneumatic tuners of torsional oscillation, we only present the course of static characteristics in general. From the obtained results of static measurements, it has been shown that, by changing the pressure of the gaseous medium, a pneumatic tuner is able to work with different characteristic (Fig. 2) ; thus, it is capable of working with other characteristic properties (torsional stiffness and damping coefficient). . . .
TUNING METHODS FOR TORSIONAL OSCILLATING MECHANICAL SYSTEMS
Changing the torsional stiffness of pneumatic tuners can be accomplished by changing the pressure of the gaseous medium, when out of operation or during the operation of the mechanical systems. This results in two suggested methods of tuning:  Tuning of torsional oscillating mechanical systems that are out of operation, which fulfils the condition of the given mechanical system tuning  Tuning mechanical systems during an operation in a steady state, thus ensuring the condition of the so-called continuous tuning of the given systems.
By tuning the torsional oscillating mechanical system with a pneumatic coupling, when out of operation, we mean to inflate the compression space of the pneumatic tuner to the appropriate pressure value of the gaseous medium before launching the system. At a given pressure, the mechanical system will work throughout its operation. The appropriate value of the pressure of the gaseous medium and thus the appropriate value of the dynamic torsional stiffness of the coupling are determined on the basis of the dynamic calculation of the system in terms of torsional dynamics.
The suggested method of mechanical systems tuning can be characterized as the "tuning of torsional oscillating mechanical systems", which is only suitable for systems working at constant operating speeds.
When investigating the proper tuning of any torsional oscillating mechanical system operating at constant operating speeds, we start with the Campbell diagram (Fig. 6) , which shows the positions of critical speed nK (or the position of the critical angular speeds ωK) depending on the natural speed frequencies N (or its natural angular frequencies 0).
CHARACTERISTICS OF THE TORSIONAL OSCILLATING MECHANICAL SYSTEM
The torsional oscillating mechanical system (Fig. 3) consists of a driving part (1), a pneumatic tuner of torsional oscillation (3) and a driven part (2) . The driving part consists of a 16-kW direct current electric motor and an additional thyristor speed regulator (4) with the possibility of speed control in the range n=0÷2,000 min -1 . A pneumatic tuner is used to drive an exciter of torsional oscillation, represented by a three-cylinder compressor mounted on the insulated layer (5) . In order to increase the torsional impact introduced by the compressor into the mechanical system, we use a compressor without a flywheel. The load of the torsional oscillating mechanical system from the compressor will be regulated by a throttle valve (6) built into the outlet pipe of the compressor. This means that the load of the system will be controlled and its load value will be characterized by the pressure in the outlet pipe (pk), as read from the pressure gauge (7) . In theoretical analysis and experimental measurements, the pressure in the range pk=0.2÷0.8 MPa is considered to correspond to the minimum or maximum load torque at certain operating speeds of the system. 
Analysis of the pneumatic tuner of torsional oscillation load
The analysis of the load of the pneumatic tuner of torsional oscillation when the mechanical system is in a steady state will be investigated on the basis of a schematic model of the torsional oscillating mechanical system (Fig. 4) . When calculating the stress for the steady state of the mechanical system within its working mode, let us assume that the mechanical system rotates at angular velocity ω, which varies over a wide range. A load torque acts on the mass (1) with the moment of inertia I1 in the shape
. It follows from this relation that the pneumatic tuner, and hence the whole torsional oscillating mechanical system, are loaded both by the medium torque MN, which does not change with the time in the steady state, and by the action of the harmonic component Mi. As a result, a component of additional dynamic torque Md is introduced into the pneumatic tuner. Thus, the pneumatic tuner of torsional oscillation will be loaded in this case by the load torque MS, which causes its maximum twist angle, φS.
The magnitude of the additional dynamic torque and the dynamic element of the maximum twist angle calculated from the motion equations (4) can be characterized by relations (5) and (6) .
THEORETICAL RESULTS OF OPTIMAL TUNING OF A TORSIONAL OSCILLATING MECHANICAL SYSTEM
Based on the theoretical results characterizing the size of torsional vibration, we evaluate the tuning of a torsional oscillating mechanical system. The size of torsional oscillation of the torsional oscillating mechanical system will be presented by:  the amplitudes of torque oscillation in the pneumatic coupling depending on speed  the dynamics twist angle amplitude of the coupling depending on speed
Results of the application of a tangential pneumatic tuner of torsional oscillation
The Campbell diagram, according to Fig. 6 , characterizes the tuning of the mechanical system operating in the speed range n=750÷1,500 min -1 by the tangential pneumatic tuner of torsional oscillation.
The diagram shows the critical speed positions nk when dependent on the actual speeds N. The natural speeds are represented by the horizontal lines a, b, c, d , e, f, g for the entire gas pressure range of the pneumatic tuner p=100÷700 kPa. Based on the figure, it can be stated that the pneumatic tuner is capable of operating under all pressures of gaseous medium (p=100÷700 kPa). On the other hand, in terms of dynamic tuning, we are able to state that pneumatic tuning will be suitable for the given system under pressures p=200÷600 kPa. This is due to the resonance at the beginning of the operating mode at p=100 kPa with the first harmonic component of the load torque at n=820 min -1 , while, at p=700 kPa, the resonance also occurs with the first harmonic component, but at n=1,480 min -1 . Based on the above, we will focus on the dynamic tuning characteristic of the realized system in the pressure range p=200÷600 kPa.
Based on the Campbell diagram (Fig. 5) , it can be stated that the given tuner shifts the second to 12th harmonic component from the operating range. Critical speeds from the main harmonic component (i=3) at pressures p=200, 300, 400 and 600 kPa occurs at nk=330, 360, 405, 440 and 460 rpm. These values indicate that the torsional oscillating mechanical system is very well tuned due to the start of the operating mode. This fact is confirmed by the frequency ratio =i.n/N, which, for the investigated pressures, acquires relatively high values of =2.3÷1.6. At the same time, we can see that the first harmonic component is reached in the range of gaseous pressure p=200÷600 kPa and in the operating speed range (n=750÷1,500 min -1 ). It follows that, when using a pneumatic tuner, resonance with the harmonic component occurs at the given pressures. In particular, for pressures p=200, 300, 400, 500 and 600 kPa, resonances occur at nk=980, 1,090, 1,220, 1,330 and 1,430 rpm. 
CONCLUSION
Based on the presented results, it can be stated that the presented pneumatic tuners of torsional oscillation fulfil all requirements in terms of their application in torsional oscillating mechanical systems with both constant operating speeds and a range of operating speeds. At the same time, it was confirmed that reducing the adverse consequences of unforeseen disturbances that occur in mechanical systems is possible by applying the proposed optimization of torsional oscillating mechanical systems.
